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OBJECTIVES The purpose of this study was to assess the accuracy of a new generation spiral multidetector
computed tomography (MDCT) scanner (Brilliance 40, Philips Medical Systems, Cleveland,
Ohio) in the diagnosis of coronary in-stent restenosis (ISR).
BACKGROUND Noninvasive imaging of ISR would be clinically useful, but artifacts caused by metallic stent
struts have limited the role of early generation MDCT scanners.
METHODS We examined 65 patients (age 63  12 years, 48 [73.8%] men) with 111 implanted coronary
stents who were referred for repeat invasive coronary angiography (ICA). Patients underwent
40-slice MDCT one to three days before scheduled ICA, using intravenous contrast
enhancement. Images were reconstructed in multiple formats using retrospective electrocar-
diographic gating. Stents were viewed in their long and short axes and luminal contrast
attenuation graded from MDCT grade 1 (minimal restenosis) to 4 (severe restenosis) by
consensus of two observers.
RESULTS In-stent restenosis (60% luminal narrowing by quantitative coronary angiography) was
found on ICA in 18 (16.2%) of the stented segments and in 16 (24.6%) patients. The MDCT
findings correlated with ICA restenosis, with restenosis in only 1 of 59 (1.6%) MDCT grade
1 segments, but in more than three-quarters (12 of 15, 80%) of MDCT grade 4 segments
(sensitivity 72.2%, specificity 92.5%, positive predictive value [PPV] 65.0%, negative
predictive value [NPV] 94.5% [five stents not assessable by MDCT considered as restenosis]).
Using MDCT grades 3 or 4 combined for restenosis, sensitivity of MDCT was 88.9%,
specificity 80.6%, PPV 47.1%, and NPV 97.4%.
CONCLUSIONS In-stent restenosis can be diagnosed with moderate sensitivity using a new generation 40-slice
MDCT scanner. The high NPV implies a significant role for MDCT in excluding
ISR. (J Am Coll Cardiol 2005;46:1573–9) © 2005 by the American College of Cardiology
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.07.049Foundation
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Blthough noninvasive diagnosis of in-stent restenosis (ISR)
ould be clinically useful, assessment of coronary ISR by a
oninvasive imaging modality has been limited, with most
eports related to in vitro studies (1,2), individual case
eports (3–5), or to stent patency only (6,7). Rapid progress
n noninvasive imaging with multidetector row spiral com-
uted tomographic scanners has resulted in progressively
ider application of multidetector computed tomography
MDCT) in the field of coronary artery imaging. However,
ost studies of MDCT using 16-slice or earlier scanning
echnology have necessarily excluded coronary segments
ith implanted stents due to extensive imaging artifacts
enerated by metallic stent struts, which obscure the stent
nd arterial lumen (8–17).
This report presents our experience with a new genera-
ion 40-slice MDCT scanner (Brilliance 40, Philips Med-
cal Systems, Cleveland, Ohio) in the diagnosis of ISR in an
nselected patient cohort referred for repeat invasive coro-
From the Departments of *Radiology and †Cardiovascular Medicine, Lady Davis
armel Medical Center, Haifa, Israel; and the Ruth and Bruce Rappaport School of
edicine, Technion—Israel Institute of Technology, Haifa, Israel.d
Manuscript received February 27, 2005; revised manuscript received May 8, 2005,
ccepted July 20, 2005.ary angiography (ICA) due to clinical suspicion of ISR
nd/or recurrent angina pectoris.
ETHODS
atient population. Patients with prior percutaneous cor-
nary intervention and coronary stent implantation referred
or repeat ICA underwent MDCT imaging one to three
ays before ICA. Patients with renal failure or allergy to
ontrast media were excluded from the study. All other
atients with prior stent implantation were eligible for the
tudy. All coronary stents present in native vessels or bypass
rafts were included in the study. Stent type and nominal
tent parameters were recorded if available (not routinely
vailable for stents implanted at other institutions). Patients
ere given an oral beta-blocker (metoprolol 50 to 100 mg)
h before the scan if their heart rate was higher than 65
eats/min. All patients gave written informed consent to the
rocedure in accordance with a study protocol approved by
he hospital ethics committee (institutional review board).
canning procedure. Scanning was performed using the
rilliance 40 MDCT scanner (Philips Medical Systems)
uring a 10- to 12-s breath-hold with retrospective electro-
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Diagnosing ISR by MDCT October 18, 2005:1573–9ardiographic gating. The Brilliance 40 is a 40  0.625 mm
ollimation scanner with gantry rotation speed of 0.42 s per
otation, minimal slice thickness 0.67 mm, and temporal
esolution 210 ms. A volume of 60 to 110 ml of contrast
edia (iopromide, 370 mg iodine/ml, Schering AG, Berlin,
ermany) was injected intravenously at a rate of 4 to 5 ml/s.
he larger volumes of contrast were used in presence of
nternal mammary artery bypass grafts when a larger chest
rea was scanned. Scanning was triggered to commence
utomatically when a predetermined level of contrast en-
ancement was detected in the descending aorta. Scanning
as performed at 120 kV, 600 to 800 mAs depending on
atient size. Table feed was 5 mm per gantry rotation with
pitch of 0.2. Reconstruction was performed routinely
sing a window centered at 75% of the R-R interval to
oincide with left ventricular diastasis. For heart rates 70
eats/min, an earlier reconstruction phase (50%) was used
coinciding with isovolumic relaxation). If movement arti-
act was apparent, additional reconstruction phases were
nalyzed. The effective radiation dose, estimated as dose
ength product  tissue weighting factor, from a sample of
0 men and 20 women undergoing coronary MDCT in the
resent study, was 9.9  2.8 mSv (mean  1 SD). The
ender-specific dose was estimated as 10% above the gender
eutral value for women and 10% below for men.
econstruction and analysis of MDCT scans. Analysis
f scans was performed at a dedicated workstation (Philips
xtended Brilliance Workspace). Reconstructed images
ere viewed in multiple formats: original axial slices, curved
ultiplanar reformats along the axis of the vessel of interest,
nd cross-sectional images perpendicular to the vessel’s
enter line (Figs. 1 and 2). The degree of ISR was evaluated
oth by visual inspection and by intraluminal assessment of
ontrast density. Scans were analyzed independently by two
adiologists experienced in cardiac MDCT who were
linded to the results of ICA and to the clinical history of
he patient. Contrast enhancement within the lumen of the
econstructed long axis of the stented segment was com-
ared visually with enhancement in the nonstented portion
f the artery. Short-axis views were examined at various
oints along the stent, particularly where reduced luminal
nhancement was identified. Contrast attenuation was mea-
ured in Hounsfield units and compared with short-axis
Abbreviations and Acronyms
CI  confidence interval
ICA  invasive coronary angiography
ISR  in-stent restenosis
MDCT  multidetector computed tomography
NPV  negative predictive value
PA  predictive accuracy
PPV  positive predictive value
QCA  quantitative coronary angiography
SVG  saphenous vein bypass graftiews inside and outside the stented segment. Narrowing of
s
she stented segment was graded 1 to 4 according to the
roportion of the vessel lumen that was poorly enhanced:
rade 1, none or minimal narrowing; grade 2, moderate but
bstructing 50% of the lumen; grade 3, significant
50%) but not severe narrowing; grade 4, severe narrowing
o total occlusion of stented segment. Two analyses were
erformed: an in-stent analysis confined to the portion of
he artery covered by the stent and an in-segment analysis
igure 1. Diagnosis of in-stent restenosis. A curved multiplanar reformat-
ed (MPR) two-dimensional image of the long axis of the stent is shown
center). The proximal portion (upper) of the stent (A) shows lack of
ontrast enhancement in relation to the distal portion of the stent (B),
emonstrating restenosis in the proximal portion of the stent (quantitative
oronary angiography 78%, multidetector computed tomography grade 4).
he center line is drawn along the long axis of the stent, and cross-sections
aken perpendicular to the center line show lack of contrast in the proximal
ortion of the stent (A, right) and contrast enhancement in the distal
ortion of the stent (B, left).
igure 2. Two-dimensional reconstruction of three stents in curved mul-
iplanar reformatted (MPR) format in long axis (below) and short axis
erpendicular to the center line (above). (A) Stent fully patent, with
omogeneous contrast enhancement throughout the long- and short-axis
mages (quantitative coronary angiography [QCA] 0%, multidectector
omputed tomography [MDCT] grade 1). (B) Partially restenosed stent
howing lack of contrast enhancement in lower left portion of long-axis
mage and in crescent shaped portion of short-axis image taken from
ower part of the stent (QCA 39%, MDCT grade 2). (C) An obstructed
tent, showing lack of contrast enhancement throughout long- and
hort-axis images (QCA 100%, MDCT grade 4).
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October 18, 2005:1573–9 Diagnosing ISR by MDCTncluding the stent and 5 mm proximal or distal to the stent
dges. Interobserver agreement for significant in-stent and
n-segment restenosis was high (kappa  0.88 for both).
or grading (grades 1 to 4) of luminal narrowing, agreement
as less good (kappa  0.61 and 0.54 for in-stent and
n-segment restenosis, respectively). When readings of the
wo observers differed, a consensus was reached and used in
he final analysis.
Five stents (4.5%) in four patients could not be assessed
y MDCT due to surrounding calcification in one, motion
rtifacts in two, excessive radio-opacity of stent in one, and
mall size (underexpanded stent) in one. Because restenosis
ould not be excluded by MDCT in these patients, they
ere considered to have MDCT restenosis for the purpose
f the primary analysis. Two separate analyses were per-
ormed: one excluding nonassessable stents and a second
xcluding stents implanted in saphenous vein bypass grafts
SVG).
In addition to the graded visual analysis of restenosis, a
ensitometric analysis was performed comparing proximal,
id-, and distal regions inside each stent. The mean and
tandard deviation of attenuation in Hounsfield units was
easured in demarcated regions of interest in all patent
ssessable stents. The normal range for in-stent variation in
ttenuation was assessed as a percentage, from the difference
n attenuation between three measurements of mean atten-
ation (proximal, mid-, and distal) and the standard devi-
tion of the differences, in stents with no ISR on quantita-
ive coronary angiography (QCA) or MDCT (50%
arrowing). The normal range was defined as the mean
ifference  2 standard deviations of the difference. Stents
ith variability in in-stent densitometric measurements
utside this range were defined as having ISR by densito-
etric analysis. In-stent attenuation could not be meaning-
ully compared with attenuation in the native artery due to
he variable and unpredictable influence of surrounding
tent struts on the attenuation values obtained within the
tent.
CA. Angiograms were examined before contrast injection
o identify sites of stent implantation. Measurement of
n-stent and in-segment narrowing was made using QCA
Coronary Artery Analysis System, version 3.2, Pie Medical
maging, Maastricht, the Netherlands) using the angio-
raphic catheter diameter as reference for calibration. Nar-
owing of 60% of the luminal diameter in the worst view
n relation to a reference segment was defined as clinically
elevant restenosis. Data were also examined using the 50%
inary cutoff value to allow comparison with other studies.
he operator was blinded to the results of the MDCT scan.
tatistical analysis. Sensitivity, specificity, positive (PPV)
nd negative predictive values (NPV), and predictive accu-
acy (PA) were calculated separately for in-segment and
n-stent restenosis using QCA measurements from ICA as
he gold standard. All stented segments were included in the
nalysis. Restenosis could not be excluded in stented seg-
ents that were not assessable by MDCT, and these were
n
mherefore considered to have restenosis for the purpose of
he analysis. A patient-based analysis was also performed. A
atient was considered to have restenosis by ICA or MDCT
f restenosis was present in any stented segment for either
odality. Data were also presented as receiver-operator
haracteristic curves, and the areas under the curves were
eported for QCA cutoff values of 50% and 60%. Diagnostic
ccuracy of MDCT may be greater for total rather than
ubtotal stent occlusion. A separate analysis was performed
fter excluding totally occluded stents. Interobserver varia-
ion in MDCT reading was examined separately for pres-
nce of significant restenosis and for grade of stenosis for
oth in-stent and in-segment restenosis using the kappa
est.
ESULTS
atient characteristics. Sixty-five patients (age 63.1 
1.6 years, 48 [73.8%] men) with 111 stents were examined
y MDCT and ICA. Demographic data, stent type, and
arameters are given in Tables 1 and 2. Seventeen patients
26.2%) were studied after recent acute myocardial infarc-
ion (ST-segment elevation in 4 patients, 6.2%, non–ST-
egment elevation in 13 patients, 20%), but in only two
atients was this possibly related to restenosis of a stent.
welve patients (18.5%) had undergone prior coronary
rtery bypass surgery. Nine stents (8.1%) were in SVGs and
he remainder in native coronary arteries. Mean implanted
tent diameter was 3.3  0.5 mm.
ngiographic findings. Restenosis 60% by QCA was
iagnosed by ICA in 18 stents (16.2%) in 16 patients
24.6%). Total occlusion of 10 stents was found on ICA
9.0% of all stents, 55.5% of stents with restenosis [60%
utoff on QCA], 37.0% of stents with 50% narrowing on
CA). Using a 50% QCA cutoff value, restenosis was
iagnosed in 27 stents (24.3%) in 23 patients (35.4%).
omparison betweenMDCT and invasive angiography. The
orrelation between MDCT and ICA findings was close
Fig. 3). Apart from one outlier, none of the stented
egments defined as MDCT grade 1 had restenosis of
60% by ICA, while more than three-quarters (12 of 15,
0%) with MDCT grade 4 had 60% ICA restenosis (five
tents that were not assessable by MDCT were excluded).
he outlier was a 2.5-mm very poorly expanded stent in a
able 1. Demographic Data
n %
ale 48 73.8
ge, yrs (mean  1 SD) 63.1  11.6
cute STEMI 4 6.2
cute NSTEMI 13 20
rior CABG 12 18.5
AD history, yrs (mean  1 SD) 5.5  5.3
moking history 24 36.9
ystemic hypertension 46 70.8
ABG coronary artery bypass grafting; CAD coronary artery disease; NSTEMI
on–ST-segment elevation myocardial infarction; STEMI  ST-segment elevation
yocardial infarction.
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Diagnosing ISR by MDCT October 18, 2005:1573–9otally occluded distal branch of the circumflex artery whose
xistence was almost missed on ICA and on MDCT with
ery poor stent visualization. Grades 2 and 3 MDCT had
ntermediate grades of restenosis by ICA. Categories 2 and
represented similar QCA findings so that grade 3 (which
e predesignated as restenosis on MDCT) often overesti-
ated the QCA assessment. An MDCT grading of 4
dentified in-segment restenosis with sensitivity 72.2%, speci-
city 92.5%, PPV 65.0%, NPV 94.5%, and PA of 89.0% (five
tents not assessable by MDCT considered as restenosis) and
howed a sharp differentiation from the other QCA values. For
n-stent restenosis specifically, MDCT grade 4 had a higher
ensitivity of 76.5%, specificity 95.7%, PPV 76.5%, NPV
5.7%, and PA 92.8%. Better detection of in-stent (vs. in-
egment) restenosis may be related to beam hardening artifacts
ometimes present immediately adjacent to stent edges leading
o under- or overdiagnosis of defects at these points.
Because grade 4 MDCT restenosis had excellent speci-
city but limited sensitivity for diagnosing QCA ISR, and
DCT grade 3 was predefined as significant in-stent
arrowing, further analysis was based on MDCT grades 3
nd 4 combined. Using this definition for MDCT resteno-
is, in-segment restenosis (QCA 60% definition) was
orrectly diagnosed by MDCT in 16 of 18 stents (sensitivity
8.9% [95% confidence interval (CI) 74.4 to 100]) with a
pecificity of 80.6% (95% CI 72.6 to 88.7), PPV 47.1%
95% CI 30.3 to 63.8), and NPV 97.4% (95% CI 93.8 to
00). Predictive accuracy was 82.0% (95% CI 74.8 to 89.1)
Table 3). A poorer sensitivity but higher specificity and
imilarly high NPV were found when analysis was restricted
o in-stent (Table 3). A false negative diagnosis for in-
egment restenosis was made in two cases using the 60%
CA cutoff. One stent was considered to have moderate
grade 2) intimal proliferation on MDCT and to be 65%
arrowed on QCA, and the second was in a poorly
isualized distal segment (the outlier described in the
receding text). There were seven false negative diagnoses
sing the 50% QCA cutoff value. Three had 56%
able 2. Stent Parameters
tents per patient 1.7  1.0
iameter (nominal), mm (mean  1 SD) 3.3  0.5
ength (nominal) 13.4  4.4
essel implanted
LAD (%) 45 (40.5)
LCx 25 (22.5)
RCA 32 (28.8)
SVBG 9 (8.1)
tent material (n  64)
Stainless steel 57 (89.1)
Cobalt alloy 7 (10.9)
trut thickness (n  63)
Thin strut (100 m) 23 (36.5)
Thick strut (100 m) 38 (60.3)
Stent in stent 2 (3.2)
AD  left anterior descending coronary artery; LCx  left circumflex artery; RCA 
ight coronary artery; SVBG  saphenous vein bypass graft.arrowing on QCA, and in five moderate intimal prolifer-
e
Mtion (grade 2) was noted on MDCT. On a patient-based
nalysis (QCA cutoff 60%), sensitivity was high (87.5%
95% CI 71.3 to 100]), but specificity and NPV were lower
han for the stent-based analysis (65.3% [95% CI 52.0 to
8.6] and 94.1% [95% CI 86.2 to 100], respectively) (Table
). The findings using the 50% QCA cutoff for restenosis
ere slightly different and are given in Table 3.
The sensitivity for in-segment restenosis in the left
nterior descending coronary artery using 60% QCA cutoff
as 83.3% (five of six restenosed left anterior descending
oronary artery stents), left circumflex coronary artery 50%
one of two stents), and in the right coronary artery 100%
seven of seven stents). Specificity was 79.5%, 78.3%, and
0%; PPV 38.5%, 16.7%, and 58.3%; NPV 96.9%, 94.7%,
nd 100%; and PA 80.0%, 76.0%, and 84.3%, respectively.
ubanalyses excluding total occlusions, bypass grafts, or
onassessable stents. Diagnostic accuracy of MDCT may
e greater for total rather than subtotal stent occlusion. In
rder to examine such differences, data analysis was repeated
fter excluding totally occluded stents (Table 3). Correla-
ions remained good other than for PPV, which was fairly
ow by this analysis. Restenosis of SVGs may be easier to
iagnose, particularly when totally occluded (three stents).
e performed a further analysis excluding SVGs. Using a
0% QCA cutoff value for assessment of in-segment reste-
osis, sensitivity fell by 3.3 percentage points to 70.8%,
pecificity fell by 1.2 percentage points to 82.1%, PPV fell
y 4.0 percentage points to 54.8%, NPV fell by 0.8
ercentage points to 90.1%, and PA fell by 1.7 percentage
oints to 79.4%. Using a 60% QCA cutoff value, sensitivity
ell by 2.2 percentage points to 86.7%, specificity fell by 1.3
ercentage points to 79.3%, PPV fell by 5.2 percentage
oints to 41.9%, NPV fell by 0.2 percentage points to
7.2%, and PA fell by 1.6 percentage points to 80.4%.
igure 3. Box and whisker plot (median value and quartiles) of angio-
raphic in-segment coronary stenosis (measured by quantitative coronary
ngiography [QCA]) for each of the four grades of multidectector
omputed tomography (MDCT) narrowing (definitions in section “Re-
onstruction and analysis of MDCT scans”). Group 4 MDCT narrowing
dentified 80% of patients with 60% QCA restenosis, while restenosis was
xcluded in all but one outlier with MDCT grade 1 (stents not assessable by
DCT [n  5, 4.5%] are not included in the figure).
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October 18, 2005:1573–9 Diagnosing ISR by MDCTA further analysis was performed excluding nonassessable
egments (assumed restenosed in main analysis). Using a
0% QCA cutoff value for assessment of in-segment reste-
osis, sensitivity fell by 1.9 percentage points to 74.1%,
pecificity increased by 3.1 percentage points to 86.4%, PPV
ncreased by 3.3 percentage points to 62.1%, NPV was
nchanged (90.9%), and PA increased by 1.9 percentage
oints to 83.0%. Using a 60% QCA cutoff value, sensitivity
ell by 0.7 percentage points to 88.2%, specificity increased
y 3.7 percentage points to 84.3%, PPV increased by 4.6
ercentage points to 51.7%, NPV was unchanged (97.4%),
nd PA increased by 2.9 percentage points to 84.9%.
ensitometric assessment. Eighty-seven stents were eval-
ated for ISR using a densitometic method of assessment.
he normal range of variation of in-stent attenuation was
% to 26% Hounsfield units. Ten stents (11.5%) had ISR by
his criterion. Using the 60% QCA cutoff value as the gold
tandard, sensitivity was 54.5%, specificity 94.7%, PPV
Table 3. Correlation Between MDCT (Grades
n
Stent-based analysis
Invasive angiography cut-off QCA
In-segment restenosis
Sensitivity 20/27
Specificity 70/84
PPV 20/34
NPV 70/77
PA 90/111
Area under ROC 0.75 (0
In-stent restenosis
Sensitivity 14/22
Specificity 78/89
PPV 14/25
NPV 78/86
PA 92/111
Patient-based analysis
In-segment restenosis
Sensitivity 18/23
Specificity 29/42
PPV 18/31
NPV 29/34
PA 47/65
Area under ROC 0.76 (0
In-stent restenosis
Sensitivity 12/19
Specificity 36/46
PPV 12/22
NPV 36/43
PA 48/65
Total stent occlusion excluded
In-segment restenosis
Sensitivity 11/17
Specificity 70/84
PPV 11/25
NPV 70/76
PA 81/101
*95% CI.
CI  confidence interval; ISR  in-stent restenosis; M
predictive value; PA  predictive accuracy; PPV  positive p
 receiver-operator characteristic curves.0%, NPV 93.5%, and PA 89.7%. iISCUSSION
his study showed for the first time that, in patients with
oronary stents referred for repeat angiography, a new
eneration MDCT scanner could diagnose or exclude an-
iographic restenosis in the stented segment with a high
egree of certainty. On a patient-related basis, MDCT
xcluded restenosis in two-thirds of patients. For a patient
opulation similar to that of the present study (patient
revalence of QCA restenosis 25%), MDCT might allow a
eduction in the need for ICA in over two-thirds of patients.
f the decision to perform ICA were to rely solely on
DCT, this would result in only 1 in 10 stents with
estenosis being missed (or 13.5% of patients).
actors affecting MDCT imaging. A number of factors
hould be considered in relation to interpretation of MDCT
cans of stented segments. Excessive radio-opacity of im-
lanted stents causes blooming, which results in impaired
d 4 Combined) and Angiographic ISR
(95% CI) n % (95% CI)
% QCA 60%
(57.5–90.6) 16/18 88.9 (74.4–100)
(75.4–91.3) 75/93 80.6 (72.6–88.7)
(42.3–75.4) 16/34 47.1 (30.3–63.8)
(84.5–97.3) 75/77 97.4 (93.8–100)
(73.8–88.4) 91/111 82.0 (74.8–89.1)
.86*) 0.72 (0.61–0.84)
(43.5–83.7) 13/17 76.5 (56.3–96.6)
(80.8–94.5) 82/94 87.2 (80.5–94.0)
(36.5–75.5) 13/25 52.0 (32.4–71.6)
(84.6–96.8) 82/86 95.3 (90.9–99.8)
(75.9–89.9) 95/111 85.6 (79.1–92.1)
(61.4–95.1) 14/16 87.5 (71.3–100)
(55.1–83.0) 32/49 65.3 (52.0–78.6)
(40.7–75.4) 14/31 45.2 (27.6–62.7)
(73.4–97.2) 32/34 94.1 (86.2–100)
(61.4–83.2) 46/65 70.8 (59.7–81.8)
.89) 0.74 (0.61–0.87)
(41.5–84.8) 11/15 73.3 (51.0–95.7)
(66.3–90.2) 39/50 78.0 (66.5–89.5)
(33.7–75.4) 11/22 50.0 (29.1–70.9)
(72.7–94.8) 39/43 90.7 (82.0–99.4)
(63.2–84.5) 50/65 76.9 (66.7–87.2)
(42.0–87.4) 7/8 87.5 (64.6–100)
(75.4–91.3) 75/93 80.6 (72.6–88.7)
(24.5–63.5) 7/25 28.0 (10.4–45.6)
(86.0–98.2) 75/76 98.7 (96.1–100)
(72.4–88.0) 82/101 81.2 (73.6–88.8)
 multidetector computed tomography; NPV  negative
ive value; QCA  quantitative coronary angiography; ROC3 an
%
50
74.1
83.3
58.8
90.9
81.1
.64–0
63.6
87.6
56.0
90.7
82.9
78.3
69.0
58.1
85.3
72.3
.64–0
63.2
78.3
54.5
83.7
73.8
64.7
83.3
44.0
92.1
80.2
DCTmaging due to artifactual increase in the width of the stent
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Diagnosing ISR by MDCT October 18, 2005:1573–9truts. This obscures part of the stent lumen and increases
he apparent external diameter of the stent. In addition,
easurement of contrast attenuation inside the stent is
ikely to be affected by partial volume averaging tending to
ask lack of contrast in the narrowed lumen of the stented
egment. Thinner slice scanning (0.67 mm) allows reduc-
ion in image noise, and almost complete isotropic spatial
esolution obtainable with the 40-slice scanner allows better
esolution in the Z axis than previously available. Together
hese technological improvements help to mitigate artifacts,
lthough some error may remain in assessment of stents
riented vertically to the X-ray beam (18).
Patient and stent-related factors may also affect MDCT
nterpretation. As opposed to earlier generation 4- and
6-slice scanners, the greater field coverage with 40-slice
DCT allows shorter scanning times so that a study can be
ompleted in 10 to 12 s, obviating the need for prolonged
reath-holding. The shorter scanning time reduces the
ikelihood of irregular beats and allows motion-free scan-
ing in a larger proportion of patients than previously
ossible. Regarding stents themselves, stent model and strut
aterial may play a role in defining imaging artifacts,
lthough strut thickness does not appear to be important in
his regard (18).
tility of MDCT as a screening test for ISR. The sen-
itivity of grade 3 to 4 MDCT narrowing for ISR was
8.9%, but PPV was relatively low (47.1% stent-based,
5.2% patient-based). In the present era of drug-eluting
tents, the incidence of restenosis is low and decreasing. If
he test were to be used to diagnose or exclude restenosis in
population with a lower prevalence of ISR, the rather low
PV would result in a rather high proportion of false
ositive diagnoses. However, the very high NPV makes
urrent MDCT a potentially useful screening test for
xclusion of ISR, especially when the expected angiographic
SR rate is low.
otal occlusions and bypass grafts. The diagnosis of total
cclusion of a stented segment on MDCT is more straight-
orward than partial obstruction, and totally occluded SVGs
n particular are easily recognizable on MDCT. The higher
he prevalence of total occlusions in the population exam-
ned, the greater the sensitivity and PPV of MDCT is likely
o be. Ten stented segments were totally occluded in the
resent study including three SVGs; MDCT diagnosed
ight of these correctly, and one additional segment was not
ssessable due to heavy calcification. One totally occluded
egment was poorly visualized and incorrectly diagnosed. A
epeat analysis after exclusion of totally occluded segments
howed similar sensitivity, specificity, and NPV, but PPV
as low (Table 3).
lternative densitometric assessment of MDCT. Densi-
ometric analysis of stents was examined as a possible
lternative method for assessing in-stent stenosis. It was not
ossible to directly compare in-stent attenuation with that
n the native coronary vessel due to the effect of stent struts
n the intraluminal stent measurements, even when the htruts were outside the defined region of interest. We
herefore measured the variability of attenuation within the
tent because ISR often occurs along a limited length of the
tent. This assessment suffered from the lack of a previously
efined normal range for comparison, and this we deter-
ined from our own data. It seems likely that, even within
he stent, the influence of the stent struts on the measure-
ent may be variable thereby increasing the variability of
he measurement and the range of calculated normal values
nd decreasing the sensitivity for restenosis. Restenosis
ccurring in a uniform fashion throughout the stent (diffuse
SR) would not be detected by this method
tudy limitations. We examined a selected cohort of
atients referred for repeat invasive angiography after clin-
cal suspicion of ISR. Wider applicability to an asymptom-
tic stent population may yield different results. Nonethe-
ess, it is precisely in symptomatic patients that MDCT
hould prove to be invaluable, and indeed may obviate the
eed for invasive angiography in a significant number by
xcluding ISR. We used a 60% cutoff value for defining ISR
y QCA. A 50% binary cutoff value on QCA for ISR
ncreased specificity but decreased sensitivity. However,
lthough widely reported in many studies, the clinical
elevance of a 50% restenosis cutoff value regarding selection
f patients for repeat intervention is not clear. Grade 4
DCT narrowing was highly specific but had limited
ensitivity for diagnosing ISR. The diagnosis of ISR corre-
ated less well in the intermediate zones (MDCT 2 and 3).
e expect improved correlation in these areas as experience
n reading and interpreting MDCT of stented segments
mproves. As MDCT technology provides better definition
f lesions, a more quantitative assessment of stent narrowing
ight be attempted using caliper-based measurements. It
hould be noted that the clinical significance of intermediate
egrees of ISR often depends on additional angiographic
ndings.
linical implications. This study showed that MDCT
maging of coronary stents with new generation technology
as feasible and practical, and the technique provides a
aluable addition to our diagnostic capability for diagnosing
r excluding ISR when its limitations are appreciated. The
igh NPV makes MDCT a potentially valuable diagnostic
ool in patients with clinical symptoms but low expected
ngiographic ISR rates.
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